I propose a new method to determine the strength of the isoscalar proton-neutron pairing interaction by a mathematical identity derived in the quasiparticle random-phase approximation. This method is applied for a few nuclei possibly having the neutrinoless double-β decay. Reduced halflife, the theoretical quantity necessary for determining the effective neutrino mass, is calculated for 48 Ca.
I. INTRODUCTION
It has been discussed that the proton-neutron pairing interaction was important in the calculation of the nuclear matrix elements of the neutrinoless double-β decay by the quasiparticle random-phase approximation (QRPA), e.g., [1] . Assuming the isospin symmetry, one can use the average of the proton-proton and neutron-neutron pairing-interaction strengths for the isovector proton-neutron pairing-interaction strength. As for the isoscalar pairinginteraction strength, it has been determined indirectly by reproducing experimental data not reflecting the proton-neutron pairing correlations as strongly as the pairing gap, e.g., [2] . This approach was unavoidable because the proton-neutron pairing gap is not established in experimental data.
In this paper, I propose a new method to determine the strength of the isoscalar pairing interaction by calculating a transition matrix element of double-charge-change operator. This method is presented in Sec. 2, and the calculated result of the reduced half-life of the neutrinoless double-β decay is shown for 48 Ca in Sec. 3. The reduced half-life is the theoretical quantity necessary for determining the effective neutrino mass, and the reliable calculation of this physical quantity is a goal of the theoretical study of the neutrinoless double-β decay. Section 4 is summary. The detail of this method is discussed in Ref. [3] .
II. THE NEW IDEA
Let me consider the calculation of the transition matrix element
where |0 
Symbols p, p ′ and n, n ′ denote the proton and neutron, respectively, and c † i and c i (i: singleparticle state) are the creation and annihilation operators, respectively. V (r) is a two-body potential including an appropriate isospin operator. M (0ν) can be calculated in two ways in the QRPA. One is to use
where |b 
where |b lp i 's and |b lp f 's are the states of the like-particle QRPA (lpQRPA), respectively. The ground states of Eqs. (3) and (4) are those of the pnQRPA and lpQRPA, respectively. (4) for arbitrary interactions. It is, however, sufficient, if the interaction used for the calculation satisfies the equality. Thus, the equality of the two equations is a constraint on the effective interactions for the QRPA, and the strength of the isoscalar pairing interaction can be determined by these equations under the presumption that the other interactions are established.
III. APPLICATION TO NEUTRINOLESS DOUBLE-β DECAY
I have so far applied the above new idea to four candidates of the neutrinoless double-β decay:
48 Ca- [3, 7] (calculations for other candidates are in progress). The neutrino potential arising from the neutrino-exchange interaction between nucleons was used for V (r), e.g., [8] . For the particle-hole interactions, the Skyrme (SkM * [9] ) was used. All the pairing interactions are of the contact volume type, and the strengths of the like-particle pairing interactions were determined from the experimental odd-even mass differences as usual (the three-point formula [10] ). The strengths of the isovector proton-neutron pairing interaction was determined from these strengths as mentioned in Sec I. It turns out that the strengths of the isoscalar pairing interaction of those nuclei are in the range between −50.0 and −197.4 MeV fm 3 . Those of the like-particle pairing interactions are in the range between −176.4 and −224.5 MeV fm 3 . Thus, the strengths by the new method are sometimes significantly smaller than those of the like-particle pairing interactions but not larger.
Calculation was performed for the reduced half-life R
1/2 to the neutrinoless double-β decay. It is defined by
where
1/2 is the half-life to the neutrinoless double-β decay, and m ν is the effective neutrino mass defined by a transformation from the three neutrino masses, e.g., [8] . R (0ν) 1/2 is obtained from the nuclear matrix element calculated from the nuclear wave functions and the phase-space factor arising from the emitted electrons, e.g., [2, 3] . If T (0ν) 1/2 is obtained experimentally, m ν can be determined using the theoretical R (0ν) 1/2 ; this determination is a major goal of the study of the neutrinoless double-β decay. This decay not yet observed occurs, if and only if the neutrino is a Majorana particle [11] . Thus, the primary purpose of the experiments is to clarify this nature of the neutrino. Figure 1 shows the calculated R 29 years. This value can be compared to the age of the universe ≈ 13.8×10
9 years [19] . It is seen that the neutrinoless double-β decay is an extremely rare decay.
IV. SUMMARY
I have proposed a new method to determine the strength of the isoscalar pairing interaction by using the two expressions of the double-charge-change transition matrix element, 1/2 is shown); see the references below. The references and corresponding calculation numbers are as follows: [2] (1), [6] (2), [12] (3), [13] (4), [14] (5), [15] (6), [16] (7), [17] which are identical by the appropriate effective interaction. This method is useful particularly because the proton-neutron pairing gap is not established. The motivation for developing this method is to eliminate an uncertainty from the calculation of the reduced half-life of the neutrinoless double-β decay using the QRPA. The new method has been applied to four decay instances, and in this paper R (0ν) 1/2 for 48 Ca was shown, which indicates that the half-life to the neutrinoless double-β decay is extremely long.
